Utah State University

DigitalCommons@USU
Fall Student Research Symposium 2020

Fall Student Research Symposium

12-10-2020

Modeling Reflectance Spectra of Nanorod Arrays with Arrays of
Light Sources
Christian Lange
Utah State University, christian.lange@aggiemail.usu.edu

Follow this and additional works at: https://digitalcommons.usu.edu/fsrs2020
Part of the Physics Commons

Recommended Citation
Lange, Christian, "Modeling Reflectance Spectra of Nanorod Arrays with Arrays of Light Sources" (2020).
Fall Student Research Symposium 2020. 39.
https://digitalcommons.usu.edu/fsrs2020/39

This Book is brought to you for free and open access by
the Fall Student Research Symposium at
DigitalCommons@USU. It has been accepted for
inclusion in Fall Student Research Symposium 2020 by
an authorized administrator of DigitalCommons@USU.
For more information, please contact
digitalcommons@usu.edu.

Modeling reflectance spectra of nanorod
arrays with arrays of light sources
C. M. Lange and T.-C. Shen
Utah State University
•

Huygens-Fresnel principle

•

Diffraction from 2D array of sources

•

Model array of nanorods
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•

Smaller α provides more
downward reflection.

•

Height, density, and α dictate
absorption.

•

Thin rods may minimize upward reflection.

•

But this fails to explain why reflectance increases at
long wavelengths.

•

In the case of CNT forest, wavelength is much
greater than spacing, so we must consider the wave
nature of light.

One Dimensional Aperture

• The Huygens-Fresnel principle gives an
intuitive explanation for interference
phenomena.

Intensity

• Single slit diffraction is the simplest
phenomenon of wave interference.
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• The light intensities (diffraction patterns) are
distinctively different for small 𝜆Τ𝑎 and large
𝜆Τ𝑎 at a distance 𝑟 ≫ 𝑎.
• The total hemispherical irradiance depends on
wavelength.
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Consistent with
Bragg diffraction

• Oscillates around
𝑁 and increases
monotonically to
𝑁 2 due to less
destructive
interference.
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• Diffraction lattice
constant is
inversely
proportional to the
real space lattice
constant.

• Oscillations and rising reflectance
were observed in nanorods and CNT
forest reflectance spectra.
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Reflectance spectra from FDTD simulation
of 5x5 nanorod arrays.

Model an Array of Nanorods with 5x5 Apertures
a=5μm

a=10μm

Diffraction pattern from 5x5 aperture
lattice with lattice constant a.

•

Closed squares represent rods; open squares
represent substrate.

•

Substrate reflection is attenuated by a factor f
and has different phase δ determined by the rod
height h and wavelength λ. 𝛿 = 4πℎΤ𝜆

• The diffraction patterns reflect the symmetry of
the rods.

• If light is reflected from the tops of
nanorods and the substrate between rods,
it may be like light coming through an
array of apertures.

The diffraction pattern of
a 5x5 array of apertures.

FDTD simulation of 5x5
nanorod array reflection.
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•

Increasing the lattice spacing decreased the irradiance at longer
wavelengths

•

This agrees with experimental observation that lower density CNT forests
are darker at longer wavelengths.
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•

Increasing the height introduced more minima but did not decrease the
envelope of oscillation.

•

The strength of substrate reflection is difficult to predict but may be
proportional to the height of the array.

Conclusions

•

Both point sources and aperture sources generate oscillations similar to FDTD
simulations and observations of some reflectance spectra of CNT forests.

•

Our models generate much simpler interference patterns compared to FDTD
results, partially because of the far-field approximation we used.

•

Analytic work on reflectance spectra of 2D lattices is needed to verify FDTD
results.

•

A study on EM wave propagation in conducting nanorod arrays is in progress.
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